H-NMR yield using anisole as an internal standard.
Ureas are recognized as an important synthetic building unit, 1 finding a wide range of applications in the preparation of agrochemicals, 2 petrochemicals, 3 and pharmaceuticals. 4 In addition, hydrogen bond-mediated communication between ureas and certain types of compounds is an important structural motif in asymmetric catalysis, 5 molecular recognition, 6 and crystal engineering. 7 Although numerous procedures have been developed for the urea synthesis, the most commonly employed strategy involves the reaction of amine precursors with phosgene, 8 or its surrogates, 9 isocyanates, 10 or carbamates. 11 Whereas these traditional methods are operative under conventional reaction conditions, they often lead to incomplete conversion. 12 Additional drawback of these protocols is that unsymmetric ureas are difficult to prepare in many cases.
In addition to the above mentioned stoichiometric procedures, preparation of ureas via an oxidative carbonylation of amines has also been extensively investigated using various transition metal species such as Pd, 13 Ru, 14 Co, 15 Mn, 16 Se, 17 or W. 18 Although the type of catalyst choice has been significantly expanded in recent years, some limitations still remain to be overcome such as the requirement of high pressure CO or harsh reaction conditions. During the course of our recent studies on the nitrogen group transfer, 19 we unexpectedly found that ureas were obtained upon the reaction of carboxamides with tertiary amines under oxidative conditions (Scheme 1). The transformation is interesting especially due to the fact that ureas are produced by involving a path of N-dealkylation of the employed tertiary amines. 20 Herein, we describe a facile preparation of unsymmetric ureas from the oxidative reaction of amides with tertiary amines, and a mechanistic proposal is also presented in which the Curtius rearrangement is involved to generate isocyanate intermediate in situ.
We first tried to optimize the reaction variables such as type of working amides, amines, oxidants, solvents, and temperatures using some representative carboxamides and triethylamine as test substrates (Table 1) . With the employment of iodosylmesitylene as a stoichiometric oxidant, the reaction turned out to be quite sensitive to the choice of amides examined. For instance, when benzamide was allowed to react with triethylamine in benzene, N,N-diethyl-N'-phenylurea was obtained only in low yield (entry 1). In a sharp contrast, a reaction of 2-pyridinecarboxamide afforded the corresponding urea in excellent yield † This paper is dedicated to Professor Sunggak Kim on the occasion of his honorable retirement.
under the same reaction conditions (entry 2).
This result led us to envision a chelating effect on the reaction efficiency. 21 To test this hypothesis, when we employed nicotinamide and isonicotinamide as substrates, to our surprise, the reactions were found to proceed to afford moderate yields (entries 3 and 4, respectively), implying that there is no significant chelation effects to dictate the reaction efficiency. Rather it was proposed that electronic effects are more important to achieve a high reaction profile. In fact, that hypothesis became more evident when 4-nitrobenzamide was reacted with triethylamine under the conditions to provide the desired product in acceptable yield (compare entries 1 and 5). In addition, reactions of benzeneacetamide or 2-pyridineacetamide gave the corresponding ureas in low yields (entries 6 and 7, respectively).
It should be mentioned that the transformation was best performed with the use of iodosylmesitylene as an oxidant. In fact, when other oxidants were used instead, much lower product yields were achieved. For example, whereas 87% NMR yield of N, N-diethyl-N'-(2-pyridyl) urea was obtained using iodosylmesitylene (entry 2), the replacement of the oxidant with iodobenzenediacetate or iodosylbenzene provided less than 10% yields under otherwise identical conditions. Under the above optimized conditions, a wide range of tertiary amines were employed to react with either picolineamide (1) or 4-nitrobenzamide (2) and the results are presented in Table 2 . In general, the reactions took place smoothly to afford the desired unsymmetric ureas in moderate to good yields.
While tertiary amines of simple aliphatic chains such as ethyl-, propyl-, butyl-, or pentyl groups were all efficiently dealkylated under the reaction conditions to give the corresponding N,Ndialkylated ureas upon the reaction with either 1 or 2 (entries 1-4, and 8-11, respectively).
Quite surprisingly, different types of tertiary amines other than simple trialkylamines such as triallylamine, tribenzylamine, or tripropargylamine were also found to readily participate in the reaction (entries 5-7 and 12-14, respectively) although the product yields were generally lower than those with aliphatic trialkylamines.
We subsequently tried to observe a possibility of regioselective dealkylative urea formation with the use of tertiary amines having different substituents (Table 3 ). When N,N-diethylcyclohexylamine was allowed to react with picolinamide (1) under the oxidative conditions, a mixture of two ureas are obtained in a moderate combined yield (entry 1). While the major product (3) was resulted from the dealkylation of an ethyl group, dealkylation of a cyclohexyl moiety turned out to be a minor path leading to 4 in only poor yield. A similar trend of favored dealkylation of an ethyl group over a bulkier isopropyl substituent was also observed in the reaction of N,N-diisopropylethylamine (entry 2). It was highly interesting to see that a similar degree of dealkylation between two types of substituents took place when diethylaminoacetonitrile was subjected to the reaction conditions (entry 3). In addition, no significant difference of regioselectivity was observed in the reaction with diethylallylamine (entry 4).
When 2-picolinamide was treated with iodosylmesitylene in the presence of an alcohol instead of tertiary amines, the corresponding carbamate 11 was obtained in moderate yield (Eq 1), implying that the transformation indeed proceeds via an isocyanate intermediate through the Curtius rearrangement. 22 Although the exact mechanism is not clear at this stage, it can be proposed that tertiary amines attack the in situ generated isocyanate to form a zwitterionic species, in which an intramolecular hydrogen abstraction is assumed to take place subsequently (Scheme 2, Path A). 23 It is believed that release of an olefin side product may accelerate the progress of the reaction pathways. However, other mechanistic possibilities have to be also considered especially for amines that do not have a β-hydrogen. For instance, oxidation of tertiary amines may be envisioned to take place by the action of the employed oxidants to afford to their corresponding N-oxides which then undergo a dealkylation leading to secondary amines to react with isocyanates (Scheme 2, Path B). 
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In conclusion, a new synthetic route has been developed for the preparation of ureas from the reaction of carboxamides with tertiary amines with the use of iodosylmesitylene as a stoichiometric oxidant. Although the reaction proceeds under the mild conditions to afford urea products in moderate yields, further optimization studies are required to improve the reaction efficiency and regioselectivity in the dealkylative pathway.
Experimental Section
General procedure. A mixture of picolinamide (31.0 mg, 0.25 mmol), iodosylmesitylene (164 mg, 0.625 mmol), and triethylamine (174 µL, 1.25 mmol) in benzene (2 mL) was stirred at 25 o C for 1 h under N2. After the reaction was completed, the mixture was concentrated in vacuo. The crude material was purified by silica gel flash column chromatography (EtOAc/Hx, 1:2) to give N, N-diethyl-N'-(2-pyridyl) 13 C NMR (75 MHz, CDCl3) δ 13. 8, 41.3, 113.2, 118.1, 138.0, 147.3, 147.4, 152.9, 153.7 
